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Decomposing bodiesAbstract Frequently, forensic entomology is applied in the use of insect maggots for the identiﬁ-
cation of specimens or remains of humans. Maggot crop analysis could be valuable in criminal
investigations when maggots are found at a crime scene and a corpse is absent. Human short tan-
dem repeat (STR) has previously been used to support the association of maggots to a speciﬁc
corpse but not in the period at which the body has been decomposing. The aim of this research
was to assess the time period for successful STR analyses of human DNA from third instar maggots
(Protophormia terraenovae) obtained from decomposing human corpses as well as to investigate the
human DNA turnover and degradation in the maggot crop after they are removed from food and/
or are fed on a beef (a new/different) food source. Results showed that the amount of human DNA
recovered from maggots decreased with time in all cases. For maggots fed on beef, the human DNA
could only be recovered up to day two and up to day four for the starved maggots. STR analyses of
human DNA from maggots’ crop content using 16 loci generated proﬁles that matched those of ref-
erence samples although some of the alleles were not ampliﬁable therefore generating partial pro-
ﬁles for the samples starved for 4 days and those fed on beef. This may be due to nuclease
activity present in the gut of larvae that may have caused degradation of DNA and consequently
reduction in DNA yield. It was possible to identify the decomposing body using STRs as markers.
ª 2015 The International Association of Law and Forensic Sciences (IALFS). Production and hosting by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Forensic entomology is an important branch of biology
involving the study of insects that are present on carrion in
order to facilitate identiﬁcation of the body, and to determine
the Postmortem Interval (PMI). To date, there are no
Figure 1 Larval characteristics and insect identiﬁcation. (A) Third instar larvae 1.0 cm–1.7 cm long, (B) Maggots feeding on beef,
colonized and formed a mass to generate heat for their growth, (C) Emerged insects from the Protophormia terraenovaemaggots at day 14.
Table 1 Human DNA concentration from different sample
types.
Sample type Conc. In ng/ul Sample type Conc. In ng/ul
REF1 1.9 5DSM1 Undetected
REF2 1.29 5DSM2 Undetected
REF3 1.5 5DSM3 Undetected
C1 6.43 6DSM1 Undetected
C2 1.06 6DSM2 Undetected
C3 0.86 6DSM3 Undetected
2DSM1 1.4 6DBM1 Undetected
2DSM2 0.19 6DBM2 Undetected
2DSM3 0.2 6DBM3 Undetected
2DBM1 0.8 8DSM1 Undetected
2DBM2 0.0021 8DSM2 Undetected
2DBM3 0.43 8DSM3 Undetected
4DSM1 0.01 8DBM1 Undetected
4DSM2 0.0038 8DBM2 Undetected
4DSM3 0.01 8DBM3 Undetected
4DBM1 Undetected 10DSM1 Undetected
4DBM2 Undetected 10DSM2 Undetected
4DBM3 Undetected 10DSM3 Undetected
5DBM1 Undetected 10DBM1 Undetected
5DBM2 Undetected 10DBM2 Undetected
5DBM3 Undetected 10DBM3 Undetected
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Figure 2 Mean DNA concentration from maggots gut content
at different day intervals average concentration of human DNA
from human tissue and maggots gut content, the concentration of
human DNA decreased with time from their last meal. Relative
concentrations showing that control had the highest amount of
human DNA, while 4DSM had the least amount. In general the
amount of extracted human DNA decreased from Day 1 to Day 4.
No DNA was detected in maggot crops after Day 5 through
Day10. REF = reference sample, +C= control group,
2DSM= 2 days starved maggots, 2DBM= 2 days beef fed
maggots, 4DSM= 4 days starved maggots.
262 D.G. Njau et al.documented reports about the application of forensic entomol-
ogy in legal investigations in Kenya. Identiﬁcation of the dead
body and determination of the PMI are very crucial and fun-
damental steps in any investigation of death that is not wit-
nessed. At the onset of death, the medical parameters to
establish the cause, manner, and time since death begin to
degrade. With the progression of time and soft tissue decom-
position, a PMI determination by a pathologist or medical
examiner becomes more difﬁcult and less accurate.1 Forensic
entomology has therefore become an integral part of a death
investigation when estimating the time since death beyond
72 h. It is considered to be the most accurate method for esti-
mating elapsed time since death, particularly when more than
3 days have elapsed.23
STR analysis of human DNA 263Insects are attracted to corpses within a very short time
after death by the odour of gases from the decomposing bodies
due to the breakdown of tissues by bacteria. Insects therefore
give the most accurate PMI1,3 due to their predictable develop-
mental rate4 and their invasion sequence on carrion.1,5,6,14
A study by Zehner, 2004b demonstrated that when maggots
ingest the human tissue, the tissue can be extracted from the
crop, undergo STR analysis and generate a proﬁle that can
be compared against a corpse from which the maggots were
feeding.21 During the digestion process, the liqueﬁed host tis-
sue is stored in a speciﬁc region of maggot’s foregut, the crop.
In order to associate maggots to a particular corpse, examina-
tion of the maggot crop by STR typing2 or evaluation of a
hyper variable region (HVR) within the mitochondrial d-loop
sequence10,11 is reasonable. It has however been demonstrated
that maggot saliva contains enzymes for pre-oral digestionFigure 3 STR proﬁle of thewhich are re-incorporated with food into the crop.7 The possi-
bility of DNA degradation within the crop cannot be ruled out
and the extent of the degradation is affected by other variables.
This in turn will affect the time period for successful STR anal-
ysis and while this has not been studied, it can certainly be
examined.21 Researchers have presented arguments for the
potential forensic utility of carrion insect gut analysis.
Within a laboratory setting, researchers successfully generate
a mitochondrial DNA (mtDNA) proﬁle from un-degraded
human tissue. Whether the more sensitive STR analysis can
be used in a similar fashion but on degraded human tissue
has not been explored.21 This study seeks to investigate the rel-
evance and window of time during which analysis of maggot
crop contents could be useful to forensic analysts in cases
involving the death of humans. 16 CODIS (Combined DNA
Index System) loci were used in STRs analysis namely;human reference sample.
Figure 4 STR proﬁle of human DNA extracted from the gut content of maggots killed immediately after collection.
264 D.G. Njau et al.D8S1179, D21S11, D7S820, CSF1PO, D3S1358, TH01,
D13S317, D16S539, D2S1338, D195433, vWA, TPOX,
D18S51, D5S818 and FGA
2. Material and methods
2.1. Maggot and tissue sample collection
Third instar maggots were collected by hand from three differ-
ent human corpses at the City Mortuary Nairobi Kenya, prior
to disposal of the corpse. The species of maggots were identi-
ﬁed using morphological features.22 Near-boiling water was
used to kill the maggots before storage in 70% ethanol at room
temperature prior to analysis. Small pieces of toe and ﬁnger
nails were cut from each human corpse at the initial stage ofthe experiment and stored at 20 C for extraction of the ref-
erence DNA sample. Maggots which were close to the maxi-
mum size at collection time had visible crops from their
exterior. All the three corpses showed marked signs of putre-
faction ranging from released rigor mortis to advanced decay.
2.2. Experimental design
Three experimental blocks were designed as follows: Ten mag-
gots from each corpse were immediately killed in near-boiling
water and dissected to serve as controls. Many more maggots
from each corpse were collected and divided into twelve groups
of ten maggots each and placed in separate one litre contain-
ers. Six groups were starved and the remaining six fed on pro-
tein rich food (beef) in a rearing jar. One group from each
Figure 5 STR proﬁle of human DNA extracted from the gut content of 2 days starved maggots.
STR analysis of human DNA 265condition was removed successively for dissection after 2, 4, 6,
8, and 10 days, killed in near-boiling water and preserved in
70% ethanol prior to analysis. Twenty maggots were also
fed on beef until they emerged into insects for identiﬁcation
purposes.
2.3. Maggot dissection and crop extraction
Before dissection, each maggot was rinsed for 20 min in 1 mL
of 20% bleach to remove potential external contaminants fol-
lowed by further rinsing in 1 mL of cold distilled water.8,9
Each clean maggot was then dissected according to the method
described by Linville and Well 2002.8 Brieﬂy, posterior seg-
ments were cut using an iris scissors followed by a ventral incis-
sion to the maggots’ anterior. The crops were removed with a
foreceps. In cases where crop removal was difﬁcult, the entire
maggot was homogenized. After every dissection, the instru-
ments were rinsed in warm distilled water before sterilizing with
a ﬂame. Every dissection was done in a new clean sterilized petri
dish, and the crop placed into a separate sterile 1.5 mL eppen-
dorf tube after determining the length in centimeters.2.4. Isolation of total DNA from toe and ﬁnger nail clippings of
human and maggots
DNA extraction from toe and ﬁnger nails was carried out
using QIamp DNA Investigator Kit (Qiagen) according to
the manufacturers’ instructions. DNA from maggots was
extracted using a Zymo Kit (Zymo research, U.S.A) according
to manufacturers’ instructions.2.5. Quantitation and PCR ampliﬁcation using ampFlSTR
Identiﬁler Plus
Quantitation of DNA was performed using a Quantiﬁler
Human DNA Quantiﬁcation kit (Applied Biosystems) and a
7500 Real Time PCR (Applied Biosystems) instrument was
used for PCR ampliﬁcation with the following parameters;
Initial denaturation took place at 94 C for 5 min, denatura-
tion at 94 C for 1 min, annealing at 55 C for 1 min, extension
at 55 C for 2 min, a ﬁnal extension at 72 C for 7 min and a
pause at 4 C.
Figure 6 STR proﬁle of human DNA extracted from the gut content of 4 days starved maggots.
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Analysis of STRs was performed on all extractions of maggot
crops in the experimental design as well as from the reference
samples. Ampliﬁcation of all samples was performed using an
Applied Biosystems Identiﬁler Plus System following manufac-
turer’s protocol. Analysis of data was then performed using
Genemapper ID-3.2 Software (Applied Biosystems, Foster
City, CA).
3. Results
3.1. Insect identiﬁcation
The length of the 3rd instar larvae collected was between
1.0 cm to 1.7 cm (Fig. 1A) with the crop visible as a dark col-
oration on larvae bodies. With the aid of morphologicalkeys,15,16,22 all the 3rd instar larvae and pupae were found to
be Protophormia terraenovae (Diptera: Calliphoridae). Some
of maggots were allowed to pupate and emerge as insects for
further identiﬁcation (Fig. 1C). During rearing, the maggots
colonized a speciﬁc location and formed a mass to generate
heat for their growth as seen in Fig. 1B.3.2. STR analyses
STR genotyping of the reference sample maggot crop content
was successful and complete STR proﬁles (16 loci) were gener-
ated. Proﬁles from the maggot crop contents were the same
and completely matched the ones from the reference samples
(human toe and nail clipping). The amelogenin loci showed
that Ref1 was a male and upon genotyping of DNA extracted
from nail clippings generated complete STR proﬁles although
at loci FGA the peak was low. The internal control also
Figure 7 STR proﬁle of human DNA extracted from the gut content of 2 days beef fed maggots.
STR analysis of human DNA 267generated complete proﬁles. The human DNA was extracted
from maggots that were sacriﬁced immediately after collection
and maggots that had been starved for two days also generated
complete proﬁles, although peaks for loci D7S820, CSF1PO,
D2S1338, D18S51 and FGA were low they still matched the
reference sample.
3.3. STR proﬁles
Fig. 3 shows the STR proﬁle of the reference sample DNA
using 16 human genetic loci, and genotyping generated a com-
plete proﬁle although at loci FGA the peak was too low.
Fig. 4 shows the STR proﬁle of human DNA extracted
from gut of maggots collected and immediately killed which
served as the control. The proﬁles were generated using 16human genetic loci. Genotyping generated few off ladder
(OL) and mixed peaks in 5 of the loci.
Fig. 5 shows that the STR proﬁle of human DNA extracted
from gut contents of 2 days starved maggots using 16 human
genetic loci, and genotyping generated a complete proﬁle.
Fig. 6 shows that the STR proﬁle of human DNA extracted
from gut contents of 4 days starved maggots using 16 human
genetic loci. Genotyping generated an incomplete proﬁle and
most loci generated a very low peak but they still matched
those of the reference sample.
Fig. 7 shows the STR proﬁle of human DNA extracted
from gut contents of 2 days beef fed maggots using 16 human
genetic loci. Genotyping generated an incomplete proﬁle and
most loci generated a very low peak but they still matched
those of the reference sample.
268 D.G. Njau et al.3.4. DNA concentration
Quantiﬁcation of extracts from the crop showed that the
recovered amount of DNA decreased over time in all cases.
Controls had the highest amount of human DNA, which
reduced with time due to DNA degradation by nucleases.
Maggots collected from reference one (ref1) gave the best con-
centrations and they were used for generating STR proﬁles.
For maggots starved for four days the concentration of human
DNA was too low (<0.05 ng/ul) but was still ampliﬁed.
Table 1 shows the concentration of human DNA extracted
from human nail clippings and maggots gut contents. Amount
of human DNA recovered from the maggot’s crop content
decreased from the time of collection up to day four when they
were starved but decreased up to day two after they were fed
on beef.
4. Discussion
It has been demonstrated that analysis of insect gut contents,
including those of the lice13 mosquito,12 and carrion feeding
ﬂies20 have a genetic potential for use in forensics. The mag-
gots’ gut contents analysis has proven to be suitable for all
of the genetic procedures in a typical human identity pro-
cess,17,19,20 since gut contents provide a similar material for
associating with its last food.17,18 The current study was there-
fore motivated by the fact that the amount of time that a mag-
got’s gut-content DNA of P. terraenovae can be viable for
analysis after it is removed from the food source and/or is
placed on an alternative/new food type is still unknown.
The maggots collected for the study were identiﬁed as those
from the northern blowﬂy (P. terraenovae) using their morpho-
logical features. Conﬁrmation was however achieved by the
identity of the emerging insect upon the maggots’ pupation
as seen in Fig. 1C. Data presented in this work demonstrate
that by the use of standard DNA proﬁling protocols and
ampliﬁcation conditions, DNA can be detected in crop con-
tents of maggots resulting in STR proﬁles which when com-
pared to the reference STR proﬁles, can be used in successful
identiﬁcation of a decomposing human body.
From the data obtained in this study, DNA was success-
fully extracted from starved maggot crops up to the fourth
day and only up to the second day for the group of maggots
that were fed on beef as a new food source. In the former case,
extracted DNA gave proﬁles that were similar to the controls
for the ﬁrst two days when DNA could be detected (Fig. 7).
This indicates that if maggots from a decomposing body are
introduced or move to an alternative food source, their useful-
ness is only limited to two days in the identiﬁcation of bodies.
This can be attributed to the fact that the feeding process
forces the gut contents to move faster along the alimentary
canal and since the DNA containing materials used is only
localized in the gut, they are moved from the crop to the other
parts of the alimentary canal leading to degradation by
enzymes (Fig. 2).
In the starved group of maggots, the DNA that was
detected in their guts up to the fourth day gave STR proﬁles
similar to those of the reference sample and control (Figs. 3,
4 and 6). This indicated that maggots collected from a decom-
posing body are useful for identiﬁcation of a decomposing
human body within a particular time frame beyond which itis not possible to recover the host DNA due to degradation
over time.
The corpse nail clipping (reference sample) and controls
yielded complete proﬁles (Figs. 3 and 4). In most cases, STR
typing of the maggot crop content using Applied Biosystems
Identiﬁler Plus System (approximately 75%) was successful.
In the control and two days starved maggots, complete STR
proﬁles (i.e., 16 loci) were generated. However, in the two days
beef fed maggots and four days starved maggots, incomplete
STR proﬁles (<16 loci and/or allelic drop-out) were generated
(Figs. 7 and 6) but the few proﬁles obtained still matched com-
plementary proﬁles from the reference sample. From Fig. 7 the
following loci did not generate peaks; D7S820, CSF1PO,
D2S1338, D18S51 and FGA, and from Fig. 6 D2S1338 and
D18S51. Although some of the peak heights were low due to
low concentration and use of degraded DNA, they still
matched those of the reference sample. STR proﬁles obtained
from the crop content matched the proﬁle of the correspond-
ing corpse in all cases.5. Conclusion
From the results maggots were only useful in identiﬁcation up
to the 2nd and 4th day in the case of fed and starved respec-
tively. Further studies should be undertaken on different spe-
cies, from different geographical areas and with a larger
number of maggots in each group to assess the environmental
effect and generate full proﬁles. Forensic entomology is recog-
nized in many countries as an important tool in legal investiga-
tions. Unfortunately, it has not received much attention in
Kenya as an important investigative tool. It is therefore neces-
sary that our courts of law and law enforcement agents start
considering entomological data as evidence applicable in solv-
ing criminal cases.
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